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RANDOM EMISSION COMPENSATION 


• OWING TO ITS AMPLIFYING 
PROPERTIES aii<l its lii^h iii|»iil 

rt‘Hiblaiir<', the vaniiiiii IiiIn* is iilrally 
HiiitiMl to (Ih* |>rol»l(*iii of rii«‘asiiriii^ il*!* 
|M)h‘nlials. Iiiliort'iilly slalili* rimiils 
rniployiii^ ilrj^Mirration aiul a clost'ly 
n*^ijlal<‘(l |Mm<*r sonm' an* n*<njin*tl if 
thr vaniiiin-iiilH* voltmeter is to Im* iis<*iI 
for measuring Miiall potentials. \s a 
further refiiiement, it is iiei-essary to 
shield magnetically and eleetn»statieally 
the most sensitive tnU* or tnU's of the 
eireiiit; all leads entering the shielded 
eompartment must Im* earefnily hitered: 
sh<M*k mounting is needed t<» avoid 
mierophonies. 

When these precautions have heen 
taken, the M*nsilivity may Im* inen*as<*d 
to tiu* |HMnt where im*^ularities in the 
electron stn'ani are the dominant eans<‘ 
of unwanted Ihictiiations in the output. 
TTiese irn*gnlarities cannot Im* elimi¬ 
nated. 'rhe> an* line to the ver\ natnn* 
of electron emission: electrons are freed 
from the cathode or filament in a ran- 
iloin fashion: they push and jolt one 
another in a mad si'ramhie to escajM* the 
healed emitter very much like |H>pcorn 
on a hf»t stove and it is oidv iM'caiisi* of 
their vast nnmlM*rs that in normal nsa^e 
they pn*s4*nl a seeming eonstant flow. 

T'k.i Hr. I. Srlimiutie dia^ruiii sllowill^ IiiIn' 
willi grids roiinertcd to rofiipoiihati* fitr 
random emission. 



.Since the random Ihiclnations cannot Ik* 
eliminated, the only n*coiir.s<‘ is to de¬ 
vise a com|M*nsatin>; mechanism and this 
immediately siif'fjests the nsi* of a mnlli- 
electriMle tidw* wherein si'veral avenues 
are available for "ettint: at the electron 
stream. 

IVnta«irid-converler-ty|M* tnlK*s are 
supplied with several prids interjiosed 
iM'tween the calluMle and the plate. Such 
a tniM* can Im* connected as shown in 
Kipin* I at no sacrifice in f^ain, and. if 
the i>|M*ratin^ |M»tenlials are pro|>erly 
chosen, find nations in emission will pro¬ 
duce no chanp* in the output voltage. 
The mechanism of coni|M*nsalion o|M*r- 
ates as follows: an increase in electronic 
emis.sion cans4*s more current to flow 
through H\; the volta^ at fjrhls No. 2. 
No. .T. and No. 5 is reduced lM*caiise of 
the \oltage drop in Ri. Since grid No. .*> 
is lM*tW€*en the control grid (No. !•) and 
the plate, the current flow at the plate 
is affected hy two coni|M‘nsaling effects: 
the increase in electronic emi.ssion and 
the decrease in grid No. o voltage. As a 
net resnil, the current flow at the plate 
remains unchanged in spite of random 
find nations in the eh'ctronii* stream. 

Figure 2 illustrates the ilegree of com- 
|M‘nsatii>n that may Im* ex|M*i*ted. 'I'o 
siinnlate random fluctuations the fila¬ 
ment voltage of a lI)7-(» ly|»e tiiln* was 
changed over what is really an enormous 
range, <*onsidered in terms of normal 
emission flnctnation. Since we are in¬ 
terested in the ability of the device to 
measure small voltages, the change in 
output, due to filament voltage changes, 
was corrected hy intrmhicing a voltage 
at the control gri«l. TTiis 'Vcpiivalent”* 
voltage is plotted in the figure and the 
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Kh;ikk 2. IMot hliowiiig rang** over hIiu’Ii 
com|»«*fii«ati«»ii is 

hIo|m* of llu‘ nirve is the rritrrioii of the 
elTeetivenesH of (*oin|MMi8Utioii. 'I'Ih* lithe 
of eoiirse shoiihl lie o^terateil ul the iii> 
Heel ion |K>iiit of this curve. \t the time 
these data were taken, it uas also ast^er- 
tained that similar results could l>e 
obtained with a healer-ty|M‘ of IuIm* 
(hAH), and it can l>e e\|)ected that other 
t\ |ies of {M>nla^rid-4’onverter IiiIm's uould 
>ielil equally satisfactory n*sults. 

High stability can often In* attained 
by using additional stages of amplifica- 
tion and introducing practically com- 

RELATIVE HUMI 

• IN THE ARTICLE .m '"ITu- KfTect 
of Humidity on Electrical Measure¬ 
ments,'’ reprinted in the (General Radio 
hlxfurimenter last month, mention was 
made of the fact that, whenever the rela- 


plete tlegcneratioii over the entire ampli¬ 
fier. Hill any find nation in the vtdiages 
that exist in the path common to the 
control grids (contact |N>tentials, etc.) 
is not degenerate<l out iN'caiisi* the 
source of thesi* voltages is not included 
in the degenerative l<K>p. 

Fortunately, when the I'irciiit of Fig¬ 
ure I is adjusted to com|N*nsate for 
changes in emission, it is equally balanced 
for changes in any vollagi* {Ep) which is 
common to both control grids. In other 
words the transconductancr of the two 
grids (No. 1 and No. 1) to the plate arc 
equal but of op|M>site (Hilarity. 

(ions(*quentl>, the circuit of Figure 1 
not only com|H*nsates for ihictuations in 
emission, but it can also In* used to sup¬ 
plement the over-all ilegeneration and 
the heater supply regulator in the at¬ 
tempt to achieve the high stabilit> so 
essi'iitial in measuring small d-tr poten¬ 
tials and <'urrents. — A. (i. Ihmsiyi'ET 

ITY AT BOSTON 

tive humidity exceetls 60^,, for a day, 
aluminum plate condensers have appre¬ 
ciable loss«‘s, and when tlw relative 
humi<lit\ passes Td/r 1^*** balance of a 
capai'itance briilge lNM*omes unstable. 


FioI’HE I. (iiirves Hh(»w- 
iiiK the relation l»etween 
relative humidity and 
temperature for various 
densities of a<|ue<ius vapitr 
expressed in grains per 
euhie f«N)t. 
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'riif naturally arises, lio\\ ufteii 

iliiring the year do these conditions 
<MTiir? This of course dejauids on the 
location of the apparatus. In New ICng- 
land the humidity indoors is high only 
during the suinmer months of July and 
\ugust. while in the tropics the hiimido 
ity is always high. 

Kor the last two years a record has 
In'cii kept of the relative humidity in a 
nKMii whose tem|MTature is kept at 25®C. 
except when the outdoor temperature is 
higher. The relative humidity remains 
ladow 30% for the six winter months, 
November through April, and rises to 
an average of 60% in July. A value of 
60%) is exceedeil <mce in May and Octo- 
Imt, about oiu'e a w(*ek in June and 
.Septemiier, and almost continually in 
July and August. A value of 70%^ is ex¬ 
ceeded about once a week in Jul> and 
August. 

'rile relation lietween the relative 
humidity iiuloors and outdoors is deter¬ 
mined by the teni[)eratures of the two 
hM'ations. Assuming that the weight of 
water in a unit volume remains con- 

Fiocke 2. Curves of sveragc nioiithlv relulive 
luiiiiidity and teiiiperature at Boston. Note that 
the relative hiifiiiaity at 77"F., calculated from 
outd<K>r values, agrees well with that ohscrvcd 
in the constant-tcm|»eralure room. 


stant, the change of relative humidity 
with teni|)erature is given in Figure 1. 
As an exam[>le, assume that conditions 
outdtmrs are 70% ^>1 K)®F. 'Fhen 

entering the chart at this point and 
following down the curve of 2 grains |K*r 
cubic foot gives 20% Hll at 77°F. 
(25°C.). 

V alues of relative humidity and teiii- 
jierature are observed by the U. S. 
Weather Hureau at many points in the 
United States and published monthly 
in Weather Hureau Rep«>rts and daily 
in some newspajM^rs. The monthly aver¬ 
ages for Boston are given in Figure 2 for 
the average over a |>eriod of years and 
also for the year 1043, which ap|N*ars to 
l>e a reasonahly normal year. Average 
relative humidity is essentially constant 
at 72% with only a slight rise in .August 
and Septemlx'r. 'This conditimi is mainly 
tlue to the fact that New F.ngland has an 
approximately constant monthly pre- 
cipitation of about 3 inches. Proximity 
to the ocean is a contrihuting factor, 
'riiis fa<‘t makes average relative humid¬ 
ity at constant tem|>eratun* solely a 

FiGl'KK 3. l.iirves tif observed and calculated 
relative biimidity at 77°F. for .March, 19*13, at 
Boston. The relative HiniNithnesH of the lower 
curve compurctl to the middle one illustrates the 
iilteriiig and st«»rage action of a large building. 
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function of ouldi>or lemj)eraturc, 'fhe 
curve of relative iiuinidity at 77°F. 
(25°C.)i obtained by means of the curves 
of P'igure 1, follo>\6 exactly the curve of 
teinjHjrature. An average value of 60% 
can occur only during the summer when 
the outdoor temperature is at least 
70°F. The average values observed in 
the constant tem|R'rature room are also 
plotted in F'igure 2. Their agreement 
with the calculated values justifies that 
calculation. There is an interesting time 
lag between the calculated and observed 
curves wliich can jK^rhaps be explained 
as indicating a storage of moisture in the 
building. This would reiluce the humid¬ 
ity in the early summer and increase it 
in the early winter. 

Daily values of relative humidity and 
temperature show much greater varia¬ 
tions than monthly values, as is well 
shown in Figure 3 for Afarch, 1943. The 
diurnal changes are such that tem|R*ra- 
ture tends to have a maximum value 
and relative humidity a minimum value 
shortly after noon. The wide lluctua- 
tions in relative humidity are caused 
partly by the temperature changes and 
partly by changes in the water content 
of the air. Tliis is shown by the up[)er 
curve of F'igure 4, which gives the rela¬ 
tive humidity at the constant temjK‘ra- 
ture of 77°F. (25°C.). The fluctuations 
have a longer period than before. The 
major changes still ap{>ear even when 
the daily average values are plotted as 
shown in the middle ciu’ve of F'igure 4. 
The lower curve of F'igure 4 shows the 
relative humidity as obs4*rved in the 
constant tem[)erature romn. Here the 



Figcre 4. Daily values <)f relative humi<lily 
of temneratiire for March. 1913. at Boston. 
Over short periods of time relative humi<lity 
drops when temperature rises, as would he ex« 
pected for constant water content of the air. 

fluctuations are smaller and of still longer 
jHfriod. This is caused by the filtering 
and storage action of the building. 

This comparison of observed values 
of indoor relative humidity with values 
calculated from outdtwr data furnished 
by the U. S. Weather Bureau indicates 
that, w henever values of relative humid¬ 
ity are given in the daily newspafM,*rs, 
it is possible w ith the lag of only one tlay 
to determine indoor relative humidity 
without depKuiding u|M>n a hair hygrom¬ 
eter or wet ami dry bulb thermome¬ 
ters. In many cases this method will be 
found satisfactory for indicating when 
aluminum plate condensers will begin 
to introduce errors in <lissipation factor 
in capacitance bridge measuremenls and 
w hen the’bridge balance itself will be¬ 
come unstable. - Kohkkt F'. F'ield 
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AN ANALYS 
BRIDGE-CONTROL 

• THE BRIDGE-CONTROLLED 
OSCILLATOR ’'‘t partirnlarly an uhimI 
with quartz bars in fn*quem*v standards, 
has a high degree of inherent stability of 
freqneiiey. The principal projK^rties of 
this eirenit can he analyzed as follows: 

Keferring to f'ignre 1, the impedances 
involved are those of the bridge, /?-!, 
li-2, /f-1, and +7X4 (the effective 

resistance and the net reactance of the 
(piartz bar, o|K*rating very near to series 
resonance), the resistance of the source 
K-6, and the resistance 7f-S of the bridge 
output load, uhi<*h is assnnied to be very 
high itonipare*! with all of the preceding 
resistances. 

T’or the hri<lge, the attenuation factor 
can he uritteiirf 


IS OF THE 
LED OSCILLATOR 

U = («, + + «.,«.) 

{R 3 /74)(7? i /72 -(- 

4-(/75-f 77.«3) (d) 

-f- RbiRiRs “h R‘iRi) 

-j- RaiHiRo ~\r R^Ra) 

and 

X = R^iRi 4 - 7^3 4 - R,nR‘i -h R^) 

4 - 77,774(773+775) (S) 

For the system, the condition for os¬ 
cillation is 

M/S = 1 A (6) 

If there is a phase-shift in the ampli¬ 
fier, »e can write* 

M = AH +7^2 (T) 

Inserting (1) and (7) in (6), we obtain: 


AlU-jliX, 


(8) 


.4«, -jH\, 

^ E,„ MIU -h ji\X, 

where 

(1) 

anti, separating reals anil iinaginaries: 
Mi.4«i -I- i^JiXi - MKt = 0 (9) 

M2.-t/<4 - (Mitt -1- N)Xt = (» (10) 

A = 775(77 . 773 - RiRa) 

(2) 

If there is no amplifier^pliasi'-shift. 

H = 77,774775 

(3) 

M2 = 0, so that 

•J. K. CUpp. ”A Dritigr-Cuntrolled (Jecillator,” 
Kadio Kx/mrimentrr. April. 1944. 

Oeiieral 

Ml = .'/ 1 = (11) 

tK. S. Julineon. "'IVanitniisiiiiiii (lirviiiu fur 'releplionU' 
f .'uiiiiiiiinifatiuii.** pp. 284-285. 

♦1.. A. Meachain, "The Uridge-Slaltilized OM’illalnr,'* 

Phm-. I.R.K.. Vol. 20. No. 10. p. 1278. Oelulter. 1938. 
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anil 


A'4 = 0 


( 12 ) 


where ti„ is the ma^nitiiile of the aiiipli- 
lieation of the aiiiiililier, from hriilp* 
output to bridge input. The freipiene\ 
is then independent of the dreuit except 
the erystal and the erystal must ofierate 
at exact series resonan<*4*. 

If /U 2 is very small, so that 0, the phasi* 
an^le of the amplifier, is small, from (9) 
and (10) we obtain 


\4 = 




MH, 


M2 


fiiB -f A' jui/f -f iV Ml 

_ ''«± . 

4 - !S "" MI 


MiMT 0 IK small anil Ian 9^ 9. 


/-/• 


Vi 


-V. 


2a./-, 2QRt 


I-fo 

h 


_L 

V 


(1.^) 




<// 

/o 


MS 


IQi^aB -f IW) 

For changes in amplification only (phasi< 


remaining constant): 

<f.f 


BMdd^„ 
2 Q(,i..B + /V)s 


( 17 ) 


(l.() 


For the crystal, in the region near 
series resonanc4». we can express the fre- 
ipiency deviation from resonance as a 
fraction of the resonant frecpiency: 


( 11 ) 


where \4 is the twt crystal reactance, 
that is, the difference of the inductive 
and capaiMtative n*actances, and Q — 
(jJqLh Ri, 

Substituting (13) in (11) we obtain: 


For the osi’illator previously de- 
siTilied, we have: 

/^, = 400(1 - A) ohms = R{\ - K) 
where K = fraction that Ri is lower 
than R‘ 2 . 

Ri = 100 ohms = R 
Ri = Ra^ 2«fM) ohms 

= IR (for a (Nirticular .>0 kc bar) 

Rn = 800 ohms = 2R (very nearly) 

Ri = \ megohm = 2,'>00 R 
Q = 100.000 

= 300 = d=30 (10' ;.) 

= 0 AO = drO.I radian. 

For the bridge constants we get, in 
terms of R = n^sistance of the fixed 
ratio arm: 

i = ITSOOK^/v where Ri = /M - K) 

R = ITSOOff^ 

M = ir>0210/fa 

V = 70217K^ 

Inserting these in (16) and (17), we ob¬ 
tain: 


h 




, V(M«-fl.0l) 

= -f 1.5 X IO-» 


(18) 


for 


W e can now find the effects of changes 
in the amplifier on the frequency. For 
changes in phase only (M<t remaining con¬ 
stant). 


AO = -fO.l and = 3(K) - 30 = 270, 
and 

x.'imdn. 


df 

/» 


V(<i, + M)l)‘ 
= + 1.7 X HI ’ 


(I'l) 


III)) 


for A^a = —30 and 0 = -f-0.1: this re¬ 
duces to zero if there is no amplifier 
phase-shift id = 0). 
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'riicise rostills infliralp that a (*haiip' 
of aiiiplilipation of 10^ y prcNiiir^'s only 
2 partH in a l)illion t^liange in frtMpieni'v 
in tlip prpwMire of an atiiplilier plia8«v 
sliift of O.l radian (it degrees’). If the 
ainplilier phas<*-shift is made smaller, 
this ehange is eorrespondingly reduced. 
Changes in phase of the amplifier will 
proihi<*e 2 parts in one hundred million 
change in freipiencv, for a phase varia* 
lion of 0.1 ra<lian (0 degrees), with the 


gain at its suhnornial value of 270. 

The n‘sults als^i show that for IiesI 
|M*rformanfv the phase-shift of the ampli¬ 
fier shouhl be kept as small as possible, 
the gain should lx* high, and the^oftlie 
crystal should fx* high. The values given 
above are readily realizable in practu^e; 
in fact, substantially higher gains and 
higher ^*s can easily be obtained, re¬ 
sulting in IxMter |x*rformance than that 
outlined here. — . 1 . K. Clapi* 
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•NUCLEAR DISINTEGRATION, 

or a tom-smashing, has lx*en madt* |h>S' 
silile largely hy the ilevelopnient of the 
cyclotron, which prodmrs high-velocity 
particles without the use of corres|M)nd- 
ingly high voltages. I’he acceleration 
necessarv to produce the desirt‘d veloci¬ 
ties is imparted to the ions by radio- 
frequency fields. The prcxlucUon of the 
radio-frtMpiency energy and its transfer 
to the dees, or accelerating electrcKles. 
is mainly a radio engineering prohleni. 

'rhe phot(»graph on the front cover, 
taken at the \!assachus«‘tts Institute of 
Technology, shows the 'I'yfi*: 821-\ 


'I'win-T Ini|X'dan<'<*-Measuring Circuit 
and the 'Pypi-: 6()o-B Standard-Signal 
frcnerator lieing use*l to measure the ad¬ 
mittance of the transmission lines w hich 
couple the radio-frequency-oscillator to 
the dees. 

Rapid progress is being made in cyclo¬ 
tron development in many lalmratories, 
and designs are changed frequently. 'Phe 
lines shown in the cover photograph are 
part of an older mcxlel. An interesting 
paper on the presimt M. I. T. cyclotron 
apix'ars in the Journal of Applied 
Physics. \Oltitne IS, Nos. 1 and 2, Jan¬ 
uary and February, 1941. 
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